This paper presents an experimental investigation of the ultrasonic removal of clogging of six commercially available geotextiles. The clogged specimens were exhumed from two fine-grained soils , which were previously consolidated from slurry stage under a consolidation pressure of 400 kPa . The mechanism of ultrasound and formation of micro-bubbles in a sort of "cold boiling" or "cavitation" within liquid medium have been explained . The in-plane and cross-plane flow capacities of the clogged geotextile specimen have been evaluated before and after ultrasonic cleaning and results are presented in a design chart signifying the beneficial effect of ultrasonic cleaning . With increasing confining pressure clogging caused more reduction in the cross-plane flow capacity than the in-plane flow capacity. Ultrasonic cleaning efficiency for all clogged geotextiles was more than 80% @ 5 minutes washing time. The thinnest (2.2mm) geotextile was severely affected by clogging, however , after ultrasonic cleaning the clogging potential reduced to unity, which was not affected by increasing normal pressure.
Introduction
Composite geosynthetic materials with inbuilt permeability in their in-plane and cross plane directions , have been found effective in stabilizing soft ground. These materials, if incorporated in defined orientations , can reduce consolidation period. Their performances are evaluated based on the efficiency of draining out dissipated water due to consolidation.
When geotextiles are used directly within soft ground fine grains block the pore structures of the geotextile. This prevents proper functioning of the drainage material due to a physical phenomenon called clogging. Clogging problems are widely recognized in the various water front structures, such as dams , reservoirs and also in various manufacturing industries Mechanical as well as biological clogging of water filters and dirts or oily deposit in many components in brewing industry pose operating troubles. Fines entrapped within geotextile pores (Fig. lc) cause reduction in water drainage and thereby affects stability and serviceability of the structures in the long run. Yasuhara (2003, 2004) have shown that a thin sand mat around geotextile layer could prevent clogging. This thin sand mat not only prevents fines from clogging the embedded geosynthetic layer, it also imparts interface friction, which is otherwise absent if geosynthetic layer is used in direct contact with the finegrained soils.
Many earth structures with fine-grained soil backfills, e.g. reinforced earth walls, slopes, embankments, fail due to clogging induced malfunctioning of the drainage layers (Mitchell and Zornberg, 1995) . There has not been any field methodology to remove clogged particles from the choked drain. By inserting ultrasonic probe along the drain layer it may be possible to remove clogging under water circulation. This paper attempts to study the effect of ultrasonic waves in removing fines from geotextile specimen. The ultrasonic effect is evaluated by conducting water permeability tests of the geotextile specimens.
Principles of Ultrasonic cleaning
Ultrasonics is the science of sound waves above the limits of human audibility. The frequency of a sound wave determines its pitch. Low frequencies produce low or bass tones. High frequencies produce high or treble tones . Ultrasound is a sound with so high pitch that it is not audible to human . Frequencies above 18kHz are usually considered to be ultrasonic. The frequencies used for ultrasonic cleaning range from 20kHz to over 100kHz . The most commonly used frequencies for industrial cleaning are between 20kHz and 50kHz (Farmer et al ., 2000) . When a vibrating object immersed in water is oscillated far enough and fast enough (around 10,000 times a second), then water become "fatigue" and break the bond between the water molecules. Thus the water molecules move apart to reach a gaseous state and the gas of water is steam. A steam bubble is normally created by heating above the boiling point (100°C). But in the above process no heating is done. The gas is made by quick jiggling, as if it is made into "cold boiled" water. Therefore, a steam bubble wandering around in a cold liquid, can't stay for long. The steam has to condense (the way steam from a kettle or hot shower frosts a glass or mirror) and that leaves an empty space behind, a "void" or "cavity" , where the steam was. The surrounding water molecules rush in to fill that cavity; when they reach the center of the cavity, they collide with each other with great force. This is called "cavitation" . This makes the molecules bounce back, creating a "shock wave" which runs out ward from the collapsed bubble just like ripples in a pond when a stone is thrown in.
From the principle of propagation of sound waves it can be explained that cavitation "bubbles" are created at sites of rarefaction ( Fig.  2a) as the liquid fractures or tears because of the negative pressure of the sound wave in the liquid. As the wave fronts pass, the cavitation "bubbles" oscillate under the influence of positive pressure, eventually growing to an unstable size (Fig. 2b) . Finally, the violent collapse of the cavitation "bubbles" results in implosions, which cause shock waves to be radiated from the sites of the collapse. The collapse and implosion of myriad cavitation "bubbles" throughout an ultrasonically activated liquid result in the effect commonly associated with ultrasonics. The use of ultrasonic cleaning baths (Fig. 3a-b) ranging from the small laboratory and jewelers' units of 100-200W to large industrial cleaning tanks of several kilowatts is well known . Ultrasonic cleaning is a process that begins when high-frequency sound waves are emitted within water. The same effect can be utilized to clean the surfaces of particles suspended in slurry. Ultrasonic power can be applied externally as in a cleaning bath or by the insertion of an ultrasonic probe into the water. The probe is particularly useful for introducing higher power (500W) at very high intensities (0.5-2kW/cm2) into smaller volumes (50-200ml).
Experiments
A new multipurpose consolidation cell has been developed. Two soils, namely Kanto loam and silty clay and six different geotextiles were selected. Tests were done simultaneously in two consolidation cells as shown in Fig. la . In one test only one geotextile drain specimen (120mmx50mm) can be used. Therefore, same test was repeated, once for collecting exhumed clogged geotextile specimens for ultrasonic cleaning followed by in-plane and cross-plane flow test and the other one for conducting in-plane and cross-plane flow test on the exhumed clogged specimen. Six different geotextile specimens were used as drain layer. The nonwoven geotextiles were chosen based on different surface textures and they are classified as NWA, NWB... in order of their increasing thickness. The in-plane flow within the drain layer (inset sketch of Fig. 4 ) has been measured after the end of primary consolidation under incremental loading of 20, 50, 100, 200 and 400kPa. The details of the experimental set-up and testing procedures are described in Yasuhara (2003, 2004) . After consolidation was over the embedded geotextile specimen was taken out carefully for the determination of clogging index and others specific properties as shown in Table- 1. Each of the clogged specimens was soaked in ultrasonic tub for 5 minutes (as shown in Fig. 3b) . Washing efficiency, which is defined as the ratio of the clogged mass washed out by the ultrasonic waves and total clogged mass before the application of ultrasonic waves, is nearly to 90% for silty clay. For Kanto loam washing efficiency was found to be around 85% . Fig. 4 shows the effect of normal pressure on the water flow capacity of the geocomposite drain layer. The drain layer was initially placed within soil slurry that underwent consolidation.
Tests results
At this situation the drain layer was under direct contact with the soil. As two types of soil tried in this investigation were consolidated from slurry stage the drain specimen was eventually exposed to maximum possible clogging. During consolidation drained water from the geosynthetic layer were noted. After the end of primary consolidation the water flow capacity was measured at three hydraulic gradients. Fig. 4 is plotted for unit hydraulic gradient. After consolidation test at 400kPa was over the clogged drain specimen was taken out and its in-plane flow capacity was checked again in a separate apparatus. The same experiment was repeated in order to collect another clogged specimen for studying ultrasonic cleaning. When the drain specimen was placed inside soil slurry as shown in the inset sketch in Fig. 4 there was significant difference in the water flow capacity. While carrying out in-plane flow test on the exhumed drain specimen, it was encapsulated in a rubber membrane that usually used for triaxial test purposes. In Fig. 4 , the in-plane flow capacity for the drain specimen after ultrasonic cleaning was also presented. It is noted that drain layer embedded inside the soil has less flow capacity than the same tested under usual laboratory test condition. While clogging has significant influence on the flow capacity ultrasonic cleaning of the clogged specimen envisaged marked improvement in the flow capacity. Fig. 5 plots the clogging potential of the drains with applied normal pressure in the cross-plane tests. Clogging potential is defined as the ratio of the flow capacity of the unclogged drain and clogged drain. Clogging potential higher than unity envisages that the drain layer is prone to face clogging problems. Out of the six drain specimens tested; the geocomposite drain (GCA) was found susceptible to severe clogging. With increasing pressure clogging potential turned from bad to worse. However, after ultrasonic cleaning the drain specimen showed significant improvement of the flow capacity and hence clogging potential reduced nearly to unity. Under confined state it is not possible to check cross-plane flow capacity of the drain specimen. Therefore, the exhumed specimen was tested in a separate apparatus developed for this purpose as shown in inset sketch of Fig. 5b . In order to achieve a reliable accuracy in the measurements, five numbers of 50mm diameter drain specimen were used. Fig. 6 shows the tests results for the six different geosynthetic specimen. As thickness of the specimen reduces with applied pressure, flow capacity across the drain specimen was measured under constant hydraulic heads of 60, 120 and 180mm respectively. Fig. 6 plots the permittivity vs. applied normal pressure at hydraulic of 60mm. While clogged Table- In Fig. 7a-b , the pressure dependency of flow capacity of exhumed drain specimens are described. With increasing pressure on the drain specimen there are marked reductions in the permittivity and transmissivity. The relative rate of flow capacity reduction in both directions is more or less found the same in both Kanto loam and silty clay. Evidently clogging has reduced cross-plane flow capacity more than the in-plane flow capacity. A comparison of the permittivity and transmissivity ratio as presented in Fig. 7c-d proper methodology has to be derived to use the same technique for repairing the clogged drain in the field.
